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: 4 


TITLE: Peculiarities of the Motion of Fast Carriers’ in Polar 
Crystals 


PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, 1960, 
Vol. 24, Hoo 1, Pppo 94-100 


TEXT: The. article under review was read at the Second All-Union Con- 
ference on the Physics of Dielectrics (Moscow, November 20-27, 1958). 
Estimations of mobility and carrier concentration on the basis of the 
results obtained by_S- I. Pekar et al. led to the conclusion that the 
majority carriers of ion crystals are polarons.)\First, the difficulties 
are discussed which are encountered in establishing a theory of the 
effects of polarons. For the development of a consistent theory it is 
necessary to have a knowledge of the properties of polarons at high 
velocities and of the motion of polarons. These may be studied by means 
of a method devised by Bogolyubov and Tyablikov. However, this method 
contains improper integrals, and in zeroth approximation it corresponds 
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to the semiclassical theory of polarons in which the motion of electrons 
is described in 4 quantum-mechanical manner, the motion of lattice ions, 
however, in a classical way. A study of fast polarons makes it necessary 
to take account of the anharmonic nature of lattice vibrations. Thus, the 
authors proceeded from Tolpygots theory (Ref. 3), which describes the 
dynamics of 6 crystal lattice consisting of deformed ions. Consideration 
of the anharmonic nature leads to the occurrence of an additional 
imaginary term in the resonance denominator of the amplitudes of forced 
jon oscillations, whereby improper integrals are excluded. It is assumed 
that the polaron radius iz large compared to the lattice constant, that 
it is possible to calculate in adiabatic approximation, and that the 
wave function which describes the fluctuation of the electron in the 
polerization potential well whose center moves with the velocity v, may 
be represented by the following Schroedinger equation : 


2 7 
- - A +u%) - Wo | w(#) ~ 0, U(#) ig given by formule (2), This 


equation is solved b 


y a variational method using the Wy 2 ansatzes which 
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are given by (3) and (4). Formula (6) describes the energy lost by a 
polaron per unit time. Next, some further expressions are derived for 
different energies, and the course of the functions is diagrammatically 
shown. The results obtained for the wave function were used to study the 
dependence of the potential electron energy on the distance along the 
field direction. Fig. 5 indicates that in the case of uniform motion of 
a polaron in the field a distortion of the potential well does not lead 
to a "fallout" of the discrete electron level from the well. V. M. 
Buymistrov is mentioned in this article. There are 5 figures, 2 tables, 
and 11 references, 10 of which are Soviet. 
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AUTHORS: Demidenko, Z. A., Kucher, T. I., and Tolpygo, K. B, 
2 ee ee 
TITLE: Eigenfrequencies of lattice vibrations of germanium as 


calculated in various approximations 
PERIODICAL: Fizika tverdogo tela, v. 3, no. 8, 1961, 2482 - 2494 


TEXT: A study is made of the natural vibrations of the germanium lattice, 
taking account of the dipole nonents@- of electron shells, that appear 


with a displacement of nuclei. sxpressions from Ref. 8(V. S. Mashkevich, x 
K. B. Tolpygo, ZhETF, 32, 520, 1957) and Ref. 12 (FTP, III, no. 3, 1961) 

are used for the potential energy U of the crystal. Taking account of 

either short-range forces (zeroth approximation) or the sole linear terms 

in dipole exchange interaction (first approximation) is insufficient. 
Calculations are performed in various types of first and second approxima- 
tions. Experimental data, however, do not allow to prefer one of these 
variants. It is stated that the third approximation (i. e., taking also 
nonelectric interactions into account fits reality better than the model 
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W. Co -hran. The present paper is based upon results of Ref. 12 (K. B. 
Tolpy:o, FIT, III, no. 3, 1961), and its aim is to explain the nature of 
interatomic forces, and, by comparison between theory and experiments, to 
calculate all parameters. The natural vibrations of a diamond-type lattice 
are calculated in various approximations in the first part of the present 
paper, and formulas are derived for the moduli of elasticity and for the 
limiting frequencies of optical vibrations. A comparison of results with 
data ebiained from the Raman effect shows that the first approximation is 
not uufficient to describe the vibrational spectrum in the case of large 
dipole moments. The matrices of the inner field and the eigenfrequencies X 
are calculated in first approximation in the second part of the paper. By 
takirg account of a possible nonelectric interaction, an attempt is made to 
improve results of earlier investigations (UFZh I, 226, 1956; ZhETF, 32, 
498, 1957; FIT, IT, 2655, 1960). A critical study showed that the dipole 
moments are not small, and that the electron-shell deformation and the 
interatomic electrostatic forces play an essential part in lattice dynamics. 
In the third part, the parameters of the equations describing harmonic 
lattice vibrations are determined, and eigenfrequencies are calculated in 
second approximation. There are 2 figures, 5 tables, 6 Soviet-bloc and 
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12 non-Soviet-bloc references, The most important reference to English- 

language publications reads as follows: ¥W, Cochran, Phys. Rev, Lett., 2, 

495, 1955; Proc. Roy. Soa., A 253, 260, 1959) 
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24,7600 (1043, 1137, 164) 
AUTHORS: Gorkun, Yu. I., and Tolpygo, K. B. 
os d 
TITLE: Theory of transfer effects in p-type Ge-like semiconductors 


PERIODICAL: Fizika tverdogo tela, v. 3, no. 10, 1961, 2903-2912 


TEXT: The general mathematical procedure (Ref. 7: K. B. Tolpygo. Tr. 

IFAN USSR, vyp. 3) 52, 1952) to render galvanoelectric, thermoelectric, 

and magnetic effects aa functions of the BE and H fields of the temperature 

’ gradients, and of the carrier concentrations is applied to the Hall effects | 
and the magnetio resistivity of p-type semiconductors. The set of kinetic , ‘ 
equations is solved for semiconduotors with spherical bands that are in 
contact at k=O (such as p-type Ge, but without taking band corrugation 

into account). General expressions are derived for the current density 

and the heat flow @ from which the role of band-to-band transitions under 
the action of a magnetic field may be estimated. Part of the fundamental 
relations are taken from Ref. T+, The consistent set of Boltzmann equations 
which are represented as Xe tq (BX%) - 5% > Noa? aff, 4s solved for light 


and heavy holes. H. Ehrenreich and A. Overhauser (Phys. Rev. 104, 649, 1956) 
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have solved this set for H=0. Here, it is treated for HAO and a,B=1,2. 
For the’ current density j the calculations are given in detail. 
, §=5.+-4,+4, =a, Eke EXE © 


+4 (D,~N— Di,VP, a DvP) += (R,VN— R,,vP, are RapVPs)X H-+- i 
AL Wx[Hx (Mv —MipvP,— MayvP,)| — Uy In T— 


= 7 UsinTXH—UHX(HxyinT), 27) 
with 
Poke ao ye go ep 
ee ee tome trl rh | 
kT _ kT 
D,= +2 Pas Dip => Fin Day = — > Paps 
RSE EK, R= EW), Ru =F Fe Ly-+ 70, wv 
MAE ERS, My =F UPL), My - A LPAI) voy 
a = 9 (aN BypPy Pa, Pa), R=R N+ RypPi+ RepPa 


M=M, »N-+-M,,P,-+ My, Pa, 
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is obtained. For the heat flow, procedure and results are analogous. Hall 
effect and resistivity change in a homogeneous semiconductor in a magnetic 
field are considered as examples to demonstrate the application of the 
general formula which holds for any H and may be applied to any transfer 
process. In order to simplify calculations it is assumed that VI = O and 
that effects of concentration changes are negligible. Also the special 
case of the Hall effect in a weak magnetic field and a thin specimen is 
treated under the assumption that the hole concentration deviates from its 
equilibrium value. There ere 8 references: 4 Soviet and 4 non-Soviet. . 
The four references to English-language publications read as follows: 

R. K. Willardson et al. Phys. Rev., 96, 1512, 1954; J. N, Zemel a. 

R. L. Petritz. Phys. Rev., 110, 1263, 1958; H. Ehrenreich a. A. Overhauser. 

Phys. Rev., 104, 331, 19563 H. Ehrenreich a. A. Overhauser. Phys. Rev. x 


104, 649, 1956. 
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AUTHORS s Demidenko, Z As, and Tolpygo, K. B. : 4 

te en re i! 
TITLE: Normal vibrations of alkali-halide crystals with ions of H 
very different dimensions ; | 

re i: 
“PERIODICAL: Fizika tverdogo tela, v. 3, no. 11, 1961, 3435-3444 | | 
TEXT: Equations for the vibrations of lattices with anions and ot Li 
cations of very different dimensions (e.g., NaI) have to be modified by r 

-. allowing for the repulsion of I ions and by introducing a fractional H 
“+. ¢eharge.e Thus, agreement between theory and experiment can be improved i 
“> Phe vibrations of binary erystals are described by the system I 
Pg = 3 (AveesPes + BuvesPe) (1) and. i 

’ i 

= XS (BoaysPery CureyPry)eer,2 / i 

*y Pre _ I: 
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X [Gcosk, — 2H (cosk, -t-cosk, — 2cosk,)], 
Bavay = —Parsy — & Brad radzy TT 8 nbva3e, x 
X [g cosk,-+-2h (cosk, —cos k, —2cosk,)], 
3% 
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Currey = —Par'zy Ay ¥ ’ 


(2) 


IN 


pasw? m m,-+m 1 
2. Be Se a” t 
Roh e ’ B= = my ’ . F 
i 
for the Fourier coefficients B_é,iig and P. of displacements and electron 
shells, respectively. llere, A, = dimensionless polarization, a = distance 3 

3 


between neighboring Na’ and.I7 ions, Yogixy 7 electric field in the e th 


ol! > ik . 
site, which is induced by the system of dipoles Bor 7 Pgié s! and e 
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> : ; ; 
depends on the wave vector k. The parameters %, 2; H, and h define the 


Yelastic forces" acting between the nearest neighbers By By (Gs) and 
p 1D nh) for longitudinal (G,¢ and transverse (H,n} displacements of the 
Pp, ~o 8) 
> 


4 > 2 4 ms the relation = 
quantities Py? Po Pos Since Ci C 4? the relaticns Cay = Cio 


= (e2/a*) (0.34778 +F+2€); C4, = (e2/a4) [cr /23e - 0.69544 + 2F - 26)|; 


(4) are valid for the temperature applied here. matrix elements 


nts from the second 


ng read 


i 
the authors. After elimination of the dipole mox 
group of (1) the equation for the lattice vibrat 


a3) 
T 

appearing in (2) have to be supplemented by additicns terms given by 
; 


12 Pew = = Bites (7), from which Bf leig Sas = 0 follows 
after diagonalization of each square. Tie extensive expressions for Qi; / 
‘and ae appearing in the latter relation, are explisitly written. For 

the acoustic and optical branches one cthaing one eigenfrequency each. 

All coefficients Ds; of the transformed matrix C71 are explicitly given in 
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an appendix. The eigenfrequencies of the NaI crystal are calculated for 
three approximations: 1) Short-range forces act enly between the nearest 
Nat and I” ions; 2) allowance is made fsx the ferc:s acting between the 
individual I” ions; 3) in addition, the d.ffarence between the ionic 
charge and e is taken into account. There are 1 figure, 2 tables, and 

16 references: 13 Soviet and 3 non-~-Soviet. The three references to 
English-language publications read 4s a uae A, D. B. Woods, W. 
Cochran, B. N. Brockhase. Phys. Rev., 119, 1960. 5B. J» Dick, 

A. W. Overhauser. Phys. Rev., 112, 90, “1958; ts se: hran. Proc. Roy. Soc., 
A253, 260, 1959. 
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B117/B212 
AUTHORS: Rashba, E. I., Tolpygo, K. B. 
TITLE: Fourth Conference on the Theory of Semiconductors 
PERIODICAL: Uspekhi fizicheskikh nauk, v. 74, no. 1, 1961, 161-175 


TEXT; This is a report on the IV Vsesoyuznoye soveshchaniye po teorii 
poluprovodnikov (4th All-Union Conference on the Theory of Semiconductors ) 
which took place from October 17-22, 1960. This conference had been convened 
by the komissiya po poluprovodnikam AN SSSR (Comission of Semiconductors AS 
USSR) in cooperation with the AN Gruz. SSR (AS Gruzinskaya SSR) and Tbhilisskiy ra 
gosuniversitet im. Stalina (Tbilisi State University jmeni Stalin). Over 250 
experts and representatives of Soviet 25 cities took part. Over 80 lectures 
were given and discussed during the general meetings, the section meetings, 
and the seminars. The chairman of the organizing committee, S. I. Pekar 
dedicated his address in memory of the late Academian Abram Fedorovich Ioffe. 
EK. L. Andronikashvili, Academian of the AS Gruzinskaya SSR, described the role 
of A. F. Ioffe, which he had played in creating a large number of Institutes 
of Physics and Institutes of Physics and Technology in many cities of the 
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USSR and also his role in the education of young scientists. K. B. Tolpygo, 
A. I. Gubanov, G. G. Taluts, V. A. Myamlin, reported on interesting papers of 
foreign participants read at the International Conference on Semiconductor 
Physics. This conference took place in Prague from August 28 to September 2, 
1960 and about 600 persons from 24 countries took part in it. Most of the pa- 
pers submitted for discussion dealt with the investigations of optical proper- 
tics of semiconductors: S. I. Pekar, M. S. Brodin, B. Ye. Tsekava "Optical 
anisotropy of cubic crystals, additional light waves in crystals, and their 
experimental identification." R. FP. Kazarinov, 0. V. Konstantinov: "Doppler 
shift of absorption lines of excitons." Ye. F, Gross, B. P. Zakharchenya, 

O. V. Konstantinov: "Inversion effect of a magnetic field in the absorption 
spectrum of excitons of the CdS crystals." A. A. Demidenko: "Micro-theory 

of the Frenkel'exciton with and without taking into account the delay in 
cubic crystals." V.S. Mashkevich: "Electromagnetic waves in a medium hav- 
ing a continuous energy spectrum (teking into account spatial dispersion)." 

- L. Strizhevskiy: “Analysis of various properties of dispersion and ab- 
sorption of light by an exciton in erystals." V. T. Cherepanov and V. S. 
Galishev: "Anisotropy of quadrupole-type absorption of light by an exciton 
in cubic crystals." Ye. F. Gross, A. G. Zhilich, B. P. Zakharchenya, A. A. 
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Kaplyanskiy: "Effect of a magnetic field and a crystal deformation on the 
exciton ground state of cu,0." S. A. Moskalenko: "The energy spectrum of 


excitons in non-deformable ion crystals." V. M. Agrynovich: "Theory of 
excitons in molecule crystals." I. G. Zaslavskaya: "Calculation of the 

energy of excited exciton states during an intermediate binding." S. V. 
Vonsovskiy, P.;S. Zyryanov, A. N. Petrov, G. G. Taluts: "The effect of elec- 
tric and magnetic fields on the form of exciton absorption lines." L. E. 
Gurevich, I. P. Ipatova: "Theory of long-wave absorption of light by crys- ; 
tals." V. M. Agranovich and V. L. Ginzburg: "Dispersion of X-rays in crys- 7. 
tals by forming excitons." L. N. Ovander: "Raman effect in crystals.." 

E. I. Adirovich: "fhe Exciton as a wave for phase transformation." Z. S. 
Kachlishvili: "Elastic scattering of a non-localized exciton on impurity 
centers.'"' A. S. Selivanenko: "Calculation of the dispersion cross section 

of free excitons at lattice defects of a molecule crystal." A. A. Vorob'yev: 
"Self-absorption and additional absorption in ion crystals and the energy of 
the lattice." V. M Agranovich, E. I. Rashba, I. B. Levinson, I. M. Lifshits, 

M. I. Kaganov, V. I. Perel', A. G. Zhilich, S. I. Pekar, S. A. Moskalenko, 

L. N. Demidenko, V. L.Bonch-Bruyevicnu. tuk part in the discussion. The 
following references were quoted: Ref.2: Ye. F. Gross, A. A Kaplyanskiy, 
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Fizika tverdogo tela 2, 379 (1960); Ref.3: I. S. Gorban', V. B. Timofeyev,. 
Doklad na XIII Vsesoyuznom soveshchanii po spektroskopii, Leningrad, iyul' 
1960 g.; Ref.6: V. M. Buymistrov, S. I. Pekar, ZhETF 32, 1193 (1957); 

V. M. Buymistrov, Ukr. fiz. zh. 3, Pril. I. 21 (1958). The following papers 
dealt with tHe analysis of the band structure of semiconductors: 0. V. : 
Kovalev: "Degeneracy of electron energy levels in a crystal." 1. I. Kucher: 
"Hole -bands in alkalimetal chlorides." F. M. Gashimzade, V. Ye. Khartsiyev: 
"Analysis of the energy structure of several semiconductors." Ye. I. 
Cheglokov, V.-As Chaldyshev: "Symmetry of the solutions for Hartree-Fock 
equations for crystals." A. Ye. Glauberman, A. M. Muzychuk, M. A. Ruvinskiy, 
I. V. Stasyuk:. "Problems of the multiple-electron theory for solid and 
liquid semiconductors." A. I. Gubanov: "Various. theories of amorphous semi- 
conductors." L. D. Dudkin: "Problems of the chemical bonding of semiconduc- 
tor compounds of transition metals." A. D. Chevychelov: "Energy spectrum 

of the elctron for a polymer-chain model." The following persons took part 
in the discussions: I. B. Levinson, K. B. Tolpygo, N. N. Kristoffel', 

P. N. Nikiforov, E. I. Rashba, S. I. Pekar, A. Ye. Glauberman, &. L. 
Nagayev, V. M. Agranovich. The following papers dealt with transfer proper- 
ties: G. Ye. Pikus, G. L. Bir, E. S. Normantas: "Theory of the deformation 
Card 4/9 
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potential and the dispersion of carriers in semiconductors showing a degen- 
erate band." Ye. P. Pokatilov: "Interaction of free electrons with ultra- 

sonics in silicon and germaniun." V. L. Gurevich, Yu. A. Firsov: “Theory 

of the electrical conductivity of semiconductors in a magnetic field on in- 
elastic scattering." A. I. Ansel'm, B. M. Askerov: "Thermomagnetic phenom- 
ena in metalloids exposed to a strong magnetic field." L. E. Gurevich, G.M. 
Nedlin: "Contribution of electrons to thermal conductivity due to entraine- 
ment of phonons." I. Ya. Korenblit: "Galvanomagnetic phenomena in Bi,re;z." 


F. G. Baksht: "Faraday effect at free carriers in Bi,Te, exposed to a weak 


magnetic field." G. I. Kharus, I. M. Tsidil'kovskiy: "anisotropy of photo- 
magnetic effects in cubic crystals." N. P. Keklidze: "Several electrophysi- 
cal properties of germanium and silicon at low temperatures." V. B. Fiks: 
"Entrainement of ions by electrons in semiconductors."" I. M. Dykman, P. M. 
Tomchuk: "Electrical conductivity and thermionic emission in semiconductors! 
P. M. Tomchuk: "Variational method for determining the electrical conductiv- 
ity and taking into account also the Coulomb interaction of carriers." Sh. 
M. Kogan, V. B. Sandomirskiy: "Theory of the external emission of hot elec- 
trons from semiconductors." V. A. Chuyenkov: "Conductivity of germanium in 
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in strong electric fields at low temperatures." V. P. Shabanskiy: "Non- 
equilibrium processes in impurity semiconductors." O. N. Krokhin, Yu. M. 
Popov: "Slowing-down time of non-equilibrium carriers in semiconductors." 
The following persons took part in the discussions: V. A. Ghuyenkov, G. L. 
Bir, I. M. Lifshits, G. M. Nediin, 0. V. Konstantinov, M. I. Kaganov, F. G. 
Bass, V. L. Bonch-Bruyevich, I. M. Dykman, E. I. Rashba, 2. S. Gribnikov. 
the following papers dealt with resonance and oscillation effects: I. M. 
Lifshits, V. M. Nabutovskiy, A. A. Slutskin: "Phenomena of the mobility of 
charged quasi-particles near singular points of isoenergetic surfaces or or- 
bits." M. Ya. Azbel': "A new resonance effect" and "Quasi-classical quanti- 
zation near particular classical orbits and quanta oscillations of thermody- 
namic quantities." &. I. Rashba, I. I. Boyko, V. I. Sheka: "Cyclotron and 
combined resonance and susceptibility of various semiconductors." V. lL. 
Gurevich, V. G. Skobov, Yu. A. Firsov: "Giant oscillations of sound absorp- 
tion." M. F. Deygen, A. B. Roytsin: "Paramagnetic resonance with arbitrary 
sizes of asatic magnetic field in electrons localized in semiconductors." 
V. Ya. Zevin: "Theory of the spin-lattice relaxation of electron localiza- 
tion centers in non-metallic crystals." Yu. yV. Chkhartishvili: "Electron 
spin resonance at the F-center in KCl+NaCl crystals." The following persons 
took part in the discussions: Vv. L. Bonch-Bruyevich, I. M. Lifshits, K. B. 
Card 6/9 
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Tolpygo, V. Ya. Zevin. The following papers were devoted to the theory of 
local centers and polarons: K. K. Rebane, 0. I. Sil'd: "Method of momenta 
in the theory of electron oscillation transitions." V. M. Buymistrov: "Var 
iational principle for the transitions probability." 5. V. Tyablikov, V. 
A. Moskalenko: "Application of field-theoretical methods to the theory of 
multiple+phonon transitions." Yu. Ye. Perlin, A. Ye Marinchuk, V. A. 
Kovarskiy: ‘Application of the perturbation theory of Wigner-WeiBkopf to the 
problems of electron-phonon interaction in crystals." A. M. Ratner, G. Ye. 
Zil'berman: "Theory of luminescence of crystals having luminescent impurity 
centers." <A. A. Tsertsavadze: "The mechaniam of light absorption by F-cen- 
ters and excitons in alkali-halide crystals." A. G. Cheban: "Theory of 
thermal ionization of F'-centers." D. I. Abakarov, Yu. M. Seidov: "Theory 
of the susceptibility of polaron gas." V. L. Vinetskiy: "The ground state 
of the bipolaron." R. R. Dogonadze, A. A. Chernenko: “Electrical conduc- 
tivity of semiconductors with a short length of path of the carriers." The 
following persons participated in the discussions: K. K. Rebane, E. I. 
Rashba, N. N. Kristoffel', B. K. Tolpygo, M. I. Kaganov, S. I. Pekar, Yu. 
Ye. Perlin, A. M. Ratner, M. F. Deygen. Only.a few papers dealt with the 
theory of the crystal lattice: K. B. Tolpygo: "Far-reaching Coulomb forces 
Card 7/9 ; 
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in the dynamics of homeopolar crystals of the diamond type." vy. S. eee 
A. Le Efros: "Theory of crystal lattices having a nonrcentral interatomic 
interaction." B. Ya. Yurkov: "Theory of the annealing of radiative defects. 
M. Ya. Dashevskiy, M. S. Mirganovskaya: "The growth and structure of 


atttsy monoerystals:" ‘The following persons were mentioned: T. I. Kucher — 


and Z%. A. Demidenko. The following papers were devoted to the phenomeno- 
logical theory of semiconductors: I. A Mutrskhulava: "Analysis of local 
trapping centers by continuous excitation of the. semiconductor with light." 
E. I. Adirovich: "Kinetics of impurity photoconductivity and a new method 

of determining the effective cross sections of local centers." Yu. v.° 
Gulyayev: "Statistics of electrons and holes in semiconductors showing dis- 
locations." V. M. Fridkin: "Phenomenological theory of the photoelectret 
state of crystals." G. M. Guro: "Energy structure of a surface layer formed 
by space charges in semiconductors." Yu. I. Gorkun: "Effect of current e- 
lectrodes on magnetic resistance." Yu. A. Vdovin, B. M. Grafov, Vv. A. 
Myamlin, V. G. Levich: "Properties of the two-phase boundary electrolyte 
semiconductor." The theory of semiconducter devices was treated in the fol- 
lowing papers: V. M. Val'd-Perlov, A. V. Krasilov, M. Ye. Lisogorskiy and 

Vv. L. Aronovi "Parametric diodes. Calculation of parameters." D. A. Aronov, 
Card 8/9 
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P. Ss, Karageorgiy-alkalayey; "A Possibility to explain the inverse current 
incraase with increasing potential in & semiconductor diode," M. 
Markovich, N. OM, Royzin: « Effect of the geometry of the transistor base on 


current-potential Characteristics of the injection into the blocking layer," 
Yu. §, Ryabinkin: "Electric field in Semiconductors between Junctions accor- 


the e 

by the conference noted a Strong trend toward centralization of investiga- 

tions on Semiconductor theory in Moscow, Leningrad, and Kiyev, and Stressed 
the need of extending this activity to republic capitals and other Cities, 
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Bi08/B108 
44-7000 (43, 144, 13%) a 
AUTHORS; Demidenko, 2. AL, Kucher, ?. I., and Tolpygo, XK, B. 
eT 
TITLE; Frequencies and amplitudes of atomic vibrations in Crystais 


PERIODICAL: Fizika tverdogo tela, y, 4, no. 1, 1962, 104 - 109 


TEXT: On the basis of previous papers (kK, B, Tolpygo. FT, od» 943, 196i; 
Ze A. Demidenko et al, a a 2482, 1961), the authors calculated the 
natural frequencies in germanium for the Wave vector ? pointing in the 
(15 13 0 direction. ‘The Six dispersion curves, w(PR), Calculated in four 
different approximations are Somewhat different from one another. Tha 


transverse Character only when R—20; 0; O} or {T; 1; of (Table 1). 
here are 1 figure, 3 tables, and 9 references: 4 Sovies and 5 nNon-Soviet, 
The four most recent references to English-language publications read 43 
follows: B. ON, Brokhouse a. PL XK, Iyengar. Phys. Rev. , Jue, 747. 1y5e: 
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W. Chochran. Phys. Rev. Lett., 2, 495, 1959; Proc. Roy. Soc., A253, 
1959; Chose et al. Phys. Rev., 113, 49, 1959; B. 0. Brokhouse. Phys. 
Lett., 2; 256, 1959. 

ASSOCIATION: Institut poluprovodnikoy AN USSR Kiyev (Instisure oF 
ductors AS UkrSSR, Kiyev) 


Semicon- 


SUBMITTED: July 12, 1961 


Table 1. Components of Ff, and ree Legend: (A) branch no; (LO) longiteds- 


nal ontical vibrations; (T0) transverse optical vibrations; (LA) long: - 
tudinal acoustic vibrations; (TA) transverse acoustic vipravions, 
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AUTHORS: Tolpyso» K. Be, and Chayka, G. Ye. i 
a ‘ | 


waka ee F F 3 
misgion of #ionic semiconductors in strong fields 
i 


ve 4, now 5s 1962, 1146 - 1153 J 


Thermionic emission of & semiconducting cathode with consideration 
son and electron temperature under 
nal field is calculated in a simple approximations | 
as in experimenta nt is assumed to heat the i 
semiconductor. Because of the increS entration and | 
conduction in the surface layer- heating of the : 
electron gas has little effect on the results in the conventional methods 
thermionic emission. 
‘, semiconductors with a 


nt is very stroné- In this case, ¢& 
tod. elektrone,s Kiyev; 1959. 


of S. ue Levitin (tr. Soveshch. - Po ka e 
AN USSR, aiyevy 19523 ZntF, 23 1700, 19533 ZhtF, 23s 2159s 1953) who : 


TLTLE : Phermionic ¢ 


PERIODICAL: Fizika tverdogo tela, 
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of the variation ine 
the influence 
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5/181 /62/004/007/009/051 
p102/B104 
AUTAGR: Tolpyeo: K. Be 
TLTLEs 3tudy of the long-wave vibrations of diamond-type crystals 
> gaking account of the long-range forces 
PERIODICAL? — wieika tverdogo tela, Vv» 41 00- 7, 1962, 1765 - 4777 f: 
PEAT: In continuation of earlier papers (Mashkevich, Tolpy Gos ZhEeTe, 325 Vs 


” 
520, 19973 pan SSSR, 111, 37155 4956; ZhETT, 32, 866, 19573 36s 108, 19593 
36, 1736, 1959) and using formulas derived earlier (Tolpy Bo» FIT, 3, 9435 
1961) the author studies the Long-wave vibrations of homopolar crystals 

taxing into account the Coulomb ;nteraction of the dipole moments Oy in- 


auced in the atomic shells, py the nuclear displacements and short-range 
forces. Hot only tne forces acting petween the neighboring atoms (which 
are quadaratic in ¢1) put also the interaction forces between the next 


neighbors put one are considered. The natural vibration pranches (acoustic, 
optical and light yiorations) are classified. Tne acoustic yibrations are 
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£ the long-Wave.-s 


Study oO: 
ipole moment of & . +: 


tnen studied and an explicit formula is derived for the da 

Dispersion and dipole moment of the optical / 

i e studied. : 
V- 

a 


induced oy them. 
inally dispersion of the light vibrations ar 
ce deformations 


otential occurring in 
(acoustic and optical viprations) i8 calcu 

Light as well as the nature of the additionally occurri 
caused bY spatial dispersion are studied. 
qualitatively witn those obtained in earlier papers: 
for Si and Ge give aifferent values. ‘There are 1 figure an 


4nhomogeneous Latti 
lated and the pirefringence of 
ng lignt waves 
egsults agree 


Though the T 
numerical estimations» 


ad 1 table. 


iy gosudarstvennyy universitet jm. T. G- Shevchenko 
Shevchenko) 


ASSOCIATION: iyevsk 
(Kiyev State University imeni T. G- 
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| AUTHORS: Yevseyev, 2 
E TITLE: The wave function and the energy of & NaCl orystal 
incorporating an excess electron 
_ PERIODICAL: Fizika tverdogo tela, Ve 4, NOs 42, 1962, 3644-3653 


p. Tolpygo (UFZh» 2, 242, 19575 FITs hy 
of crystals incorporating #n excess vy 


EXT: The method developed by K. 
3644, 1962) for the investigation 

| electron is extended to Nacl crystals in the many-elec 
-. orthogonalized functions 4,° Here aiffering from Ke 


jon energy is taken into account in the diagonal 


directly from 


36445 1962), the polarizat 
matrix elements only- All exchange jntegrals are calculated 
obtained by D- Re Hartree, W. Hartree (proc. Roys S0c- 
(which describe the motion of the 


the wave functions 
48). The functions Le 


ity of the a-th crystal site) 
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can be completely 
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H a {6 HO dt ie) 


The wave function and 


neighbors. For the matrix elements Hy = 
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The wave function and the 
= 001534 follows from (14) and 


After numerical | 


been xt " 
After a lengthy calculation [Ai at 


en‘all the components are taken into account. 


| How 042322 wh 
“:- ealeulations in elliptic coordinates the values: 
ele = 0.000299; reg = -0.005974 and Ht * 9.036613 are obtained. from i 


vit [anAeinds}. at 


: ’ . 
. the general formula 5 .. 4 ‘ a 
LH AAA Sted 2 all, [xvid oe 
pe yeah eae | (18) bez. 
aE able fetAiteade + BB corners 
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n this formula it,is sufficient +o sum up 
e ions at | and 5 ,/° Vom denotes - 


thogonality integrals 


elements (i 


‘for the nondiagonal 
4 neighbors of th 


over the most adjacen 


the Madelung potential. By calculating the. nonor 
Cs¥? = 0.02236; - C% = 0.00816; . CaF = 0.00638, 2 (25) 
" ae 25 


a, Cs, = 0.16454; C#y? =0.001006. 
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ao de obtained. After simplifying the formula for the Hamiltonian 


e a die prepa 
A=[wAvd= 2, Hii} bi (4) 
the coefficients A(k), B(k) and C(k) are expanded in a power series of k / 
"(up to k© inclusively). The result is E(k) = 0.04799 + 0.042117 k*. The x 
energy minimum lies in the center of the band E(Q) = 1.30 ev and the 
effective mass p/m = 0.42 follows from the quadratic term 
E(k) = 0.04799 + 0.042117 k*, The band width ig found to be ~5.6 ev and 
the function E(k) is strongly anisotropio. There are 1 figure and 
2 tables. 


ASSOCIATION: Kiyevskiy gosudarstvennyy universitet im. T. G. Shevchenko 
(Kiyev State University imeni T. G. Shevchenko) 


SUBMITTED: July 16, 1962 
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TOLPYGO, K.B.; CHAYKA, G, fe, 
Distortion of the distribution function of clectrons in a semi- 
conductor by selection of the thermocurrent and latter's effect 
on the intensity of the thermionic emission. Fiz, tver. tela 6 
no.5t1476-1484 My '64. (MIRA 17:9) 


1. Kiyevskiy gosudarstvennyy universitet jmeni Shevchenko. 
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DEMIDENKO, “ohn; TOLPYGO, KB. 


Dipole moments and some lattice sums in 


i diemond-tyre crystals 
Fiz. tver, tela 6 no. 11:3251-3258 N téz d-tyre crystals 


| ° (MERA 18-3) 
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TITLE: Distortion of the electron distribution function in n semiconductor by the | 


thermionic emission current fReport, Twelfth All-Union Conference on the Physical | 


Rases of Cathode Electronics held in Leningrad 22-26 October 1965/ 
ares ee eek roneS Neild jn teningrad 22-20 Uctober i969, 


i 


SGTS: AN SSSR. Izvestiya. Seriya fizichesknya, v. 30, no. 5, 1966, 850-853 


TOVIC TAGS: thermionic emission, semiconductor crystal, Richardson equation, elec- 
tron distribution, kinetic equation 


ABSTUCT: The authors improvo their earlier calculation (Fizikn tverdogo teln, 6, 

1i76 (1964)) of the correction duc to the asymmetry of the electron distribution func 
tion to the Richardson formula for a semiconductor in order to take into account also 

the distortion of t e electron energy distribution and the difference between the 
effective masses of the electron in the semiconductor and in the vacuums The follow- 

ing three lengths are involved in the problom: the olectron moan freo path for monent- 
um (direction) change; the electron mean free path for energy change (interaction with 
the inttice); and the Debye screening distance. These lengths are assumed to differ 
Greatly from cach other and to increase in the order in which they are mentioned above, __ 


, Cord 1/2 
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2 | 
The region of the thermionic emitter near the surface is divided into three zonega ee 
thicknesses correspond to the above-mentianed lengths. The electron wave functions are} 
treated in the effective mass approximation and approximate solutions of the kinetic ' 
ieguation in the different regions are suitably joined at the boundaries. It is conclud- 
‘ed that the thermionic current as given by tho Richarison formuln shoule be multipliod 
by the following correction factor: (mo/m)(1 + 3mg/2Km) (1 = M/6Km)1/2(3m/2km)) , where 
'm and M, are the effective masses of the electron in the crystal and in vacuum, respect+ 
ively, M is the ratio of kT to the square of the velocity of sound, and K is the ratio 
{of the work function t6 kT. This formula is valid for large values (10) of K. Orig. 
art. has: 8 formulas and 1 figure. 
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ORG: Kiev State University im. T. G, Shevchenko (Kiyevskiy gosudarstvennyy 
universitet) 


TITLE: Theory of the intrinsic absorption of light in NaCl-type crystals 
SOURCE: Fizika tverdogo tela, v. 8, no. 9, 1966, 2587-2593 


TOPIC TAGS: light absorption, sodium chloride, intrinsic light absorption, 
electron bands, trihole band, sodium chloride crystal, refraction index, absorption | 
coefficient, incident light | 


. ABSTRACT: . Principles developed earlier by K. B. Tolpygo, D,_I, Sheka, and Z. 

7 Ya, Yevseyev on electron and tri-hole bands in sodium chloridedrystals (Fizika 

tverdogo tela, 1963, no. 5, pp. 2345 and 2609) were used as a basis for a study of {|— 

the intrinsic absorption of light related to band-to-band transition. Values obtained . 

on the index of refraction, the coefficient of absorption, and reflection, as a function. 

of the frequency of incident light, were in good agreement with experimental data, Zz 
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| both in relation to the shape of the curve and the order of magnitude of the coefficient. 
of refraction, Orig. art. has: 9 formulas, 1 table, and 3 figures. [Authors' 
abstract] {SP} 
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SOURCE: Figika tverdogo tela, v. 8, no. 11, 1966, 3156-3162 
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ORG: Donets Polytechnic Institute (Donetskiy politekhnicheskiy institut) 
TITLE: Microscopic theory of F centers in an NaCl crystal 
SOURCE: Fizika tverdogo tela, v. 9, no. 1, 1967, 3-9' ~~ 


TOPIC TAGS: color center, sodium chloride, wave function, ground state, crystal 
vacancy, polaron, electron paramagnetic resonance 


i 
ABSTRACT: The authors calculate the energy of the ground state of the F-center elec- | 
tron in an NaCl crystal and the values of the wave functions ]y(0)[2 at the first 7 

‘three coordination spheres, using a procedure described by one of the authors earlier 
(Tolpygo, UFZh v. 2, 242, 1957), but with a better choice of bases quasiatomic func- 
tions, obtained in an earlier paper by the other author (Yevseyev, FIT v. 5, 2345, 
1963). The wave function of excess electron is sought in the form of a linear con- 
bination of quasiatomic functions centered relative to the lattice points and ortho- 

; gonal to the wave functions of the internal electrons and to the wave functions of | 

j the surroundings. A value of ~5.1 ev is obtained for the energy of the ground state | 

| and is used to calculate the energy of thermal dissociation of the F center into a 

; vacancy and a polaron. ‘he value obtained for the dissociation energy (1.915 ev) ie 

| 


agrees well with published experimental data. ‘The calculated values of |y(0)|2 also 
agree with the experimental data on the hyperfine splitting of the parmagnetic reso- 
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-art. has: 17 formulas and 4 tables. 


SUB CODE: 20/ UBM DATE: 28mar66/ onrG REF: 013/ OTH REF: 010 


{ 
Pies 
pos 
jhe 
1 


APPROVED FOR RELEASE: 07/16/2001 CIA-RDP86-00513R001756120003-6" 


FOR RE 16/2001 CIA-RDP86-00513R001756120003-6 


ps to EET: 2 SSS Seen mnIT Ee Hu ECE —— 
nee t0s ea Sr SSeS eee ri 


QESe IE et TONE 


BUYEV, Vota [Zudev, V0.3 SACHENKO, A.V} TOLPYGO, 8. [Tolpyho,! B ). . 
5 o+*+ea — : 


ent se 


Kineties of the photoconductivity of thin charge Sea TTas oe 
having trapping and recombination levels. Ukr. "al ere : 
no» LL21176-1186 N '65. : 


1. Institut poluprovodnikov AN UkrSSR, Kiyev.e Subnitted Dec. 
155 19646 


APPROVED FOR RELEASE: 07/16/2001 CIA-RDP86-00513R001756120003-6" 


"APPROVED FOR RELEASE: 07/16/2001 CIA-RDP86- Gore nuus pote 6 


SAE RG aii mance SS ee Sizes PERSE SSE EG EES eases 


L 8300666 EW (1)/T/Ewa(h) vseathins Ses oA seta 
ACC NR; AP5028920 SOURCE CODE: ip pled eens 
re) an SD 44,5 4,5 44 Gs 
“| AUTHOR: auger, Ys Q.. -- Buyev. i: Aes. Sechensas A: V>3 Shes K. B, -- Tolp; 
G cK. B. : pekteee ine eee 
Seg leis aan YY 5 35. : : "EE 
‘ORG: Institute of Seed con dnet ors 2: AN UkrSSR Ge napivprovidnykiv AN macau? 


Le cael 23 r¥g,g 
TITLE: Kinetics of phot oconductivety of thin semiconductor layers having surface 
levels of attachment and. recombination 


"| SOURCE: ‘Usrayins 'kyy fizychnyy zhurnal, v. 10, no. 11, 1965, 1176-1186 ; 


Zy yoy 
TOPIC TAGS: photoconductivity, semiconductivity, semiconductor carrier, relaxation 


process 


ABSTRACT: . An investigation was made of the photoconductivity of a semiconductor of 
finite thickness having attachment and recombination levels on the surface. A general 


- | expressicn for photoconductivity o was derived, with the aid of which the dependence 


of gon the absorption coefficient and the frequency can-be obtained. In deriving o 

the following assumptions were made: 1) the impurity semiconductor is of the n-type 

and its donors are totally ionized. There is no attachment. in the volume and the 
nonequilibrium carriers are characterized by the volume lifetime t. 2) In the region 

of volume charge the distribution of carriers is of quasi-Boltzman type. 3) The ad- 
ditional concentration of holes p; in the essential region x v (2—3) considerably | __ 
exceeds equilibrium pg. The cases of sinusoidal, rectangular, and 6-form modulation 
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of light were considered. For "thin" specimens (d < [Ep ]) a time dependence of photo~ 
conductivity was obtained in case of I< and 6-modulation, This dependence shows that 
ine limiting case of a fast exchange of surface levels with banda, the relaxation of 
-photoconductivity is monoexponential. In this case the characteristic time of the 
photoconductivity decrease is the lifetime of the nonequilibrium carriers. If + 
is known, the rate of surface recombination S can be determined. When the lifetime of 
| carriers of the levels is considerable, the relaxation of photoconductivity is not 
‘| monoexponential. -For a model with one surface level there are two exponential sec- 
‘| tions of photoconductivity relaxation. One characterizes. the carrier recombination in 
the volume and on the surface, and the other 1s linked with the monopolar part of the 


photoconductivity. The second section can be attributed to the capture of minority 
; carriers of the surface level. Orig. art. has: 3 figures and 36 formulas. {JA} 
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TOPIC TAGS: light scattering, electromagnetic wave scattering, mul- 
tiple scattering, transport equation, distribution function 


~ ABSTRACT: _ This 1s a continuation of earlier work (ZhPS v. 1, 1965), 
isin which the radiation transport equation was solved for a semi-infin- 
‘te: scattering medium, and in which information was obtained on the ~ 
: iscattering-particle size distribution function from experimental data |. f 
~~ ‘on multiple scattering of electromagnetic radiation. In the present |. § 
_- paper the problem is solved for the case of a scattering medium of z= 
finite thickness. Thé caleulation procedure is similar to that of the 
. earlier paper, with allowance for the changed boundary conditions. | 
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: ‘The particular case of a scattered medium in which the particle dimen- 


oh “sions are small compared with the wavelength of the inside radiation — 
is considered in an appendix. Orig. art. has: 54 formulas 
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artiole the authors present & quantum-mechanical calculation of the oross 


section for the capture of minority carriers by shallow 
particled, when the onergy released is transferred to the majority carrier, 
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Which 4a localized'on @ neighboring oenter having the adie fonization onergy 

- or larger. This carrier 4g emitted into the nearest band. The oapture of 
carriers by deep centers is also discussed. Numerical estimates show that 
Auger recombination ‘processes oan become comparable with or even larger than 
radiative and othor types of recombination at sufficiontly low temperatures 


ee 


and at high impurity concentrations. Values on the order of 10° -- 10" 
are obtained for semiconductors of the Ge, si, or Gats type in the case of 
- ghaliow levels, and of the order of 10719 =. 107 © for capture by deep levels. 
= This indicates that a captur hallow center of large radiua, 
| wth tranefer of the 
ghoighboring deep conter, would be most effective. tho atithora thob. M2) se 
{id Rashba for valuable critical remarks, . Kalashnikov, Whos . 


[ and We be Bonch-Bruyevich | nteres One 
“Orig. art. hast 1 eed ane 5 formulage--- - 


Lorene dntne nett ae ete 


. ASSOCIATION! Institut ‘poluprovodadkov AN UeirSSR, Kiev Bemis 


APPROVED FOR RELEASE: 07/16/2001 CIA-RDP86-00513R001756120003-6" 


PEEROVED FOR RELEASE: 07/16/2001 CIA-RDP86- 00513R001756120003- 6 


eat eerie 


= ase Be arian ge FSR a een pee samme * ire eee. a Ee 


1 
t s 


oh 1096-66 coe ae ee a 
-— poozharoi RR appouags2 a a | : 
~ gonductors AN vcr6s8) : ee 
| ee | ae BNOL: CO | gUB CODE: 8S 
GUBKITTED! iiJen65 enn 1OLt : : 

i ee ee | | on 
WR REF GOV! 005 0° OTHERS | 


rs eras os, oe Sy ee oe 


APPROVED FOR RELEASE: 07/16/2001 CIA-RDP86-00513R001756120003-6" 


"APPROVED FOR RELEASE: 07/16/2001 CIA-RDP86- DOatehobt 7508 20002. 2% 


pra eaea Be ESELES TRS AE ieee See ee eee Bee S es Bees SS CHES SES SAPS oe Bese ie NERS 


ae a 2256-55--- EWD(1) /1/SWA(h) P(e) AT WW - 
ee is a ep stantenteastp 


- Ss yen Vv. 0. (z uyev, Ve A +) Sevohenke p As Vo3 Tolpyho, Ke Be (Tolpyge, sd 
cs Kk. B r 7 = as ey Peete ca 4 
yy, : 4 r 

| STTLR: Kinetics of photoconductivity in sentconductors with minority carrier cap- | : 

od. ture levels on the surface ES 


. : SOURCE: Usrayins'kyy fizychnyy eburnal, ve 10, no. 3, 1965, 275-28 


TOPIC TAGS: es semiconductor, minority carrier, photcconductivity, capture level, 
ic surface state | 


[ABSTRACT © ~ ‘The -dependence- af- photoconductivity. on-the modulation. isis -and-.on-- 

the: ‘geiconductor. ‘parameters . ig determined for the case of sinusoidally modulated 

= | strongly ‘absorbed light. “Account is taken of the bending of the bands st the - 
‘| surface, due to the existence of several surface levels. It is aseumed that cap- | 
|! ¢uve of minority carriers and adhesion of majority carriers on the surface are 
: possible. The predles is solved 4n the linear approximation under several simpli- | 
i fying assumptions. The expression obtained is the sum of the bipolar photccon- - 
| eee’ ond the tecnica geass eel The contributions of these two 
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enalysis of several jimiting cases is presented. ‘The nonstationary potoconduct- 
4rity produced in the case when strongly ebaorbed light produces carriers of both 
signs 4s considered for sinusoidally modulated light, and the dependence of the 
| eoxplex photeconductivity on the frequency of modulation and on the parameters of 
the semiconductor is determined. Ths resulte show that the frequency dependence 
of the photoconductivity depends appreciably on the ratio between the volume end 
emiconductor end can vary in p 4on to the fre- 
or 2. The transition from one type 
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